Ovarian Sertoli-Leydig cell tumors (SLCT) represent < 2% of primary ovarian tumors, which range from benign to malignant; majority of the latter are low-grade. We present the case of a 12-year-old pre-pubertal female with poorly differentiated SLCT and heterologous rhabdomyosarcoma (FIGO stage-IA). She presented with worsening abdominal pain, pelvic mass, and elevated pre-operative serum Alpha-fetoprotein (AFP, 77.1 ng/mL). She underwent right salpingo-oophorectomy, omentectomy, and lymphadenectomy. The high-risk histology warranted 4-cycles of adjuvant BEP chemotherapy. There was no clinical evidence of recurrence at the 20-month follow-up. High-grade sex cord-stromal tumors are rare, present with low-stage disease, and have good progression-free survival following chemotherapy. Rarity of these tumors poses challenges in their diagnosis and treatment. Review of literature suggests that the presented case is youngest patient with dedifferentiated SLCT.
Introduction
Ovarian Sertoli-Leydig cell tumors (SLCT) are sex cord-stromal tumors that represent < 2% of all primary ovarian tumors, and their clinicopathologic behavior ranges from benign to malignant. Pathologically, SLCTs are sub-divided into 'well', 'moderately', and 'poorly' differentiated tumors depending on the degree of tubular differentiation of the Sertoli cell component. The "poorly differentiated" SLCTs are mostly spindled and tumors with dedifferentiation to glandular and sarcomatous areas have been reported.
Clinical course of these tumors may not always correlate with grade; the stage usually determines prognosis. The majority of tumors are well-to-moderately differentiated, and are successfully treated with surgery. Because of their scarcity, poorly differentiated SLCTs represent a challenge in both the diagnosis and the management, with limited case-report experience available. Herein, we present a rare case of a poorly differentiated SLCT containing heterologous rhabdomyosarcoma elements, and summarize the available literature including management.
Case presentation
A 12-year old pre-pubertal female patient presented with a history of slowly worsening abdominal pain of 2-weeks duration, and vomiting. A contrast enhanced computed tomography (CT)-scan of abdomen and pelvis showed an 11.7 × 10.1 × 7.9 cm heterogeneous cystic and solid mass, confined to the right adnexa [ Fig. 1 ]. The radiologic differential diagnosis included a torsed and hemorrhagic ovarian cyst versus an ovarian malignancy.
Serological assessments revealed elevated levels of lactate dehydrogenase (LDH: 351 U/L), CA-125 (77 U/mL), Alpha-fetoprotein (AFP: 77.1 ng/mL), and Inhibin-beta (114 pg/mL). Beta-human chorionic gonadotrophin (β-HCG), free testosterone, and carcinoembryonic antigen (CEA) were normal.
Exploratory laparotomy, right salpingo-oophorectomy, peritoneal staging biopsies, infra-colic omentectomy, and right pelvic and infrarenal aortic lymphadenectomy were performed.
On gross examination of the specimen, the tumor involved ovarian parenchyma and had both cystic and solid areas. The ovarian capsule was intact and without surface involvement. Histopathologic examination showed an extensively necrotic tumor with focal areas of well-differentiated tubules of Sertoli cell component [ Fig. 2A ] admixed with Leydig cells with abundant eosinophilic cytoplasm. Both the Sertoli and Leydig cell components were positive for inhibin [ Fig. 2A , right]. Leydig cells were positive for AFP, consistent with the increased serum levels (Fig. 3B ). There was no associated yolk-sac component with AFP stain. Well-differentiated tubules and Leydig cells formed a minor component. The majority of the tumor was spindled and also stained for Inhibin. This component showed a high mitotic index of up to 32 per 10 high power fields and is consistent with poorly differentiated Sertoli cell component. Areas of the spindled component showed punctate necrosis. Admixed with the poorly differentiated Sertoli component are bland, mucin-producing glandular elements [inhibin positivity focally, but AFP negative Fig. 2B ]. An additional (5 to 10%) component of spindle cells show marked atypia, with increased eosinophilic cytoplasm and rare strap cells [Fig. 2C, hematoxylin & eosin (H&E) , left]. These showed nuclear positivity for MyoD1 and myogenin [Fig. 2C, right] , but negative for inhibin, consistent with heterologous rhabdomyosarcoma. Submitted lymph nodes, staging peritoneal biopsies and omentum showed reactive changes, but were negative for tumor.
The tumor was staged as FIGO stage IA. Post-operative CT-scan of the chest was normal and no metastatic disease was identified. Due to high-risk histology, 4-cycles of adjuvant chemotherapy were administered using cisplatin 33 mg/m 2 on days 1-3, etoposide 167 mg/m 2 on days 1-3, bleomycin 15 U/m 2 on day-1. The patient tolerated chemotherapy well, and no significant side-effects were noted during chemotherapy.
Patient's AFP levels measured 3.7, 4.3, and 6.5 (lab reference level AFP < 6.0 ng/mL) at the 3, 6, and 13 month follow-ups, respectively. Fig. 3 (A) shows a graphical trend of the AFP levels from post-operative day-zero to the most recent serologic follow-up. There was no clinical, and radiologic evidence of recurrence at 20-month follow-up. Patient started on regular menstrual cycles at 11 months since diagnosis. 
Comments/discussion
Ovarian neoplasms represent 1% of all solid tumors in adolescent females; most of them are benign or physiologic, and 10-20% are malignant. Clinically, they present with menstrual irregularities, pain and/or mass. Majority of malignant ovarian neoplasms in adolescent females are germ cell tumors (two-thirds), which can be evaluated with serologic markers and have a complex (solid and cystic) radiologic appearance (similar to that of case presented). An accurate diagnosis and classification, and exclusion of uncommon non-germ cell neoplasms requires histopathologic evaluation of excised tumor, with intraoperative evaluation of tumor grade to guide additional sampling such as of peritoneum and/or lymph nodes.
Sertoli-Leydig cell stromal tumors represent < 2% of all malignant ovarian tumors, with the poorly differentiated SLCTs containing dedifferentiated elements being exceedingly rare. In the peer-reviewed English language literature, 14 cases of poorly-differentiated SLCTs with heterologous elements have been documented [ Table 1 ]. The majority of the patients were adolescents or young adults with lowstage disease who received adjuvant chemotherapy due to high-grade histology. Six of ten patients with the available follow-up died of disease in 7 to 84 months and were characterized by tumor rupture, adhesions or extra adnexal metastasis [Prat et al., 1982] .
We describe the diagnosis and oncologic management of a rare poorly differentiated malignant Sertoli-Leydig cell tumor with dedifferentiated rhabdomyosarcoma. Ancillary immunoperoxidase stains aid in the diagnosis in areas of dedifferentiation. AFP is frequently elevated in these tumors due to Leydig cell component and care must be exercised in order to avoid the misdiagnosis of yolk-sac tumor. To the best of our knowledge, this case represents the youngest reported patient with poorly differentiated SLCT with rhabdomyosarcoma in the peer-reviewed literature.
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